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Retroviruses Integrate and Associate with
Infected Cells Forever



Retrovirus Genome Structure 
& Vector Development



Vector Production



Production of Non-Replicating
Vector Stocks



Inherent Advantages of Retrovirus Vectors 

Biology is well-understood

Reasonable space for “payload” gene

Reliable, relatively high expression

Well controlled approaches to eliminate replicating virus

Reasonable control of multiplicity of infection

Life-long association and production of “payload” gene
(but no rescue strategy)



Use of Retrovirus Vectors for Gene Therapy

Began just over 20 years ago

Gammaretroviruses used initially

Increased use of lentivirus vectors

Collectively they have been used in > 600 trials 

About 30% of all gene therapy trials in US

Only about 20% focus on congenital diseases

Diseases affecting hematopoietic cells have been a 
major focus



Hematopoietic Stem Cells – The Vector Target Cells
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Gene Therapy for SCID-X1 – The First Success







Patients with SCID-X1 are highly susceptible to infection.

Infections are recurrent and begin at 2 – 4 months of age.

In the absence of treatment, all succumb early in life.

Bone marrow transplantation is a treatment option, but 
outcome is best with an HLA-matched donor.

In most cases, only a haplo-identical donor is available.

Outcome of haplo-identical transplants can be poor.

SCID-X1 Facts



Strategy Used in the SCID-X1 Trials



Study Subjects in the  SCID-X1 Trials

French Trial – Alain Fischer

12 Study Subjects

9 Engrafted

Infants & Very Young Children

British Trial – Adrian Thrasher

10 Study Subjects

10 Engrafted

Infants & Very Young Children

All Engrafted Study Subjects Showed Lasting Immune Reconstitution



Stem Cell Therapy Restores Immune Function

Gasper, et al., Lancet 364: 281, 2004

Other measures of immune
function show restoration

B cell responses

NK cell numbers



Leukemias Develop in Some Study Subjects

Subsequently, three additional study subjects
develop T cell leukemias

Incidence – 4 of 9 in the French trial
1 of 10 in the British trial

Leukemias develop ~30 – 70 months post gene therapy

Science 302: 415, 2003



How Do the Leukemias Develop?



Common Integration Sites in the Leukemias

Hacien-Bey-Abina, et al., Science 302: 415, 2003



Integrations in LMO2 Are Detected in 4 of 5 Subjects



What is LMO2 and How Does it Function?



Other Changes are Found in the Subjects 
that Develop Leukemias

P4 – F LMO2 integration; t(6,13); CDKN2A deletion

P5 – F LMO2 integration; Tal/Sil translocation;
trisomy 10: NOTCH1 mutation

P7 – F CCND2 integration; CDKN2A deletion 

P10 – F LMO2 integration; BMI1 integration; 
NOTCH1 mutation and activation

P8 – B LMO2 integration; NOTCH1 mutation and activation; 
LOH of CDKN2A; Tal/Sil translocation
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Strategies to Develop Safer Vectors

The high incidence of leukemia in the study subjects stimulated the
gene therapy community to consider strategies to develop safer vectors;

The search for more predictive pre-clinical models was intensified;

Vectors in which expression of the payload gene is not dependent on the
LTR were developed; 

Lentivirus-based (especially HIV) vectors were already under development
and coming into more common use;

Virus expressing these vectors can infect non-dividing cells more readily;

The integration pattern of lentiviruses may decrease the chance of 
insertional activation.  



Integration Preferences Vary for Different Retroviruses

Genome Feature Human HIV MLV
Genome

Within 5 kb of start site ~5% 6.9% 26.1%

Within 1 kb of CpG island ~1% 0.2% 11.8%

Within genes ~39% 77.9% 44.3%

Within 1 kb of DNase ~1% ~1% 11.4%
hypersensitivity site

Lewinski, et al., PLoS Pathogens 2: e60, 2006



β-Thalassemia Gene Therapy Trial and
Lentivirus Vectors

β-thalassemia is a common hemaglobinopathy

βEβ0 is a severe form that results in absence of β−globin

Patients are transfusion dependent and develop severe disease
as a consequence of the continual transfusions

Hematopoietic stem cell transplantation is the only curative therapy

Life expectancy is reduced and quality of life is highly impaired 



Experience with New Vectors - β-Thalassemia



Analyses of the First Study Subject

Cavazanna-Calvo, et al., 
Nature 367: 318, 2010 



Can the Challenges Presented by Gene Therapy
Be Overcome?

Can retrovirus vectors be made that avoid the problems of insertional mutagenesis?

What sorts of model systems can insure that vectors are safe?

Is a 50% incidence of leukemia for SCID-X1 patients “acceptable” until new 
approaches are available?

How should appropriate ethical standards be applied when study subjects are 
children?

What standards should regulatory agencies apply in considering approval of these 
types of trials?

Is the current experience with gene therapy really different from the problems 
associated with the development of other therapies such as chemotherapy and 
radiotherapy?
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